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Abstract

Aim: We aimed to evaluate the healing - remodeling capacities of femoral diaphysis fractures treated with
non-surgical methods in preschool children.

Material and Methods: Thirty-six patients aged between 0-6 years with closed femoral diaphysis fractures who
were treated with non-surgical methods were evaluated. Two-way graphics of the patients were taken after
plastering. Limb lengths were recorded. Patients were divided into 2 groups according to their follow-up periods:
0-60 months (group A) and over 60 months (group B). The two-sided bilateral femoral graphics taken during
their final examinations were used as the basis for radiographic evaluation.

Results: The mean age of the patients was 4.2+1.94 years. The mean amount of shortness of the patients mea-
sured when the plaster was removed was 1.61:0.84 cm and it was measured at a mean of 0.8+0.74 cm at the last
follow-up. Angulation on the coronal and sagittal planes after treatment was significant (p<0.01). The decrease
in shortness is statistically significant (p<0.01). Angulation improvement on the coronal plane in patients in group
B was statistically significantly higher than in group A (p<0.05). There was no statistically significant difference
between groups A and B when the amounts of angular improvement on the sagittal plane were compared
(p>0.05).

Discussion: In our study we found that coronal plane deformities independent of the direction of joint movement
continue remodeling at a statistically significant rate even after 5 years.
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Introduction

Femoral diaphysis fractures, which constitute a significant share of
childhood injuries, are caused by high-energy traumas [1]. Localization
is most common in the middle third of the femur. Fragments can be
displaced in different directions due to the pull of the muscles.
Femoral diaphysis fractures can be successfully treated with non-sur-
gical methods in preschool children. Non-surgical methods are the
first choice of treatment for fractures in this age group. Qualities such
as the potential of the pediatric bone structure for rapid healing, the
ability for spontaneous improvement of deformities, such as certain
amounts of angulation and shortness, and thick periosteum increase
the success of non-surgical treatment [2,3].

Among non-surgical treatment methods of childhood femoral diaphy-
sis fractures are early plastering after closed reduction and late plas-
tering following traction. Surgical treatment is considered for severely
segmented fractures, cases with vascular nerve injuries, cases with
head trauma and accompanying injuries, and cases with multiple inju-
ries and open wounds requiring care [7-9].

In our study, we aimed to evaluate the healing - remodeling capacities
of femoral diaphysis fractures treated with non-surgical methods in
preschool children.

Material and Methods

36 patients aged between 0-6 years with closed femoral diaphysis
fractures who were treated with non-surgical methods in our hospital
between 2001 and 2013 were studied.

A pelvipedal plaster was applied on the patients after various durations
of traction done according to the amount of shortness and angulation.
Two-way graphics of the patients were taken after plastering.
Fracture lines and fracture alignments were examined with graphics
during examination of the patients. The appropriate type of traction
was chosen according to the location of the fracture line, age of the
patient, and the presence of accompanying injuries. Joint range of mo-
tion, limb length, and complaints regarding rotational deformity were
recorded in the clinical examination. Limb lengths were recorded by
measuring and comparing the distances between the anterior superior
iliac spine and the medial malleolus.

The first plastered graphics of the patients, the bone union graphics
at the moment the plaster was removed, and the two-sided bilateral
femoral graphics taken during their final examinations were used as
the basis for radiographic evaluation. The valgus-varus angulation was
measured in the anterior-posterior femoral radiography and the ante-
rior-posterior angulations were measured in the lateral radiography.
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Figure 1. Measurement of angulation
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Because local remodeling can lead to incorrect measurements, mea-
surements were made at the intersection of lines drawn from two
points selected from a distance of at least 3 cm from the fracture, on
both sides of the fracture line (Figure 1).

Patients were divided into 2 groups according to their follow-up peri-
ods: 0-60 months (group A) and over 60 months (group B).

These 2 groups were compared in terms of remodeling according to
the length of their follow-up period.

Results

Two patients were treated with a pelvipedal plaster after skeletal trac-
tion, 14 patients were treated with a pelvipedal plaster after a Russell
traction, and 20 patients were treated with a pelvipedal plaster after
traction with a Braun’s splint.

The mean age of the 36 patients was 4.2+1.94 years. 25 of the patients
were male and 11 were female (Table 1).

When the femoral diaphysis fractures were classified according to the
fracture line, it was seen that nine (25%) were transverse, nine (25%)
were oblique, 14 (38.8%) were spiral, and 4 (11.2%) were comminuted
fractures (Table 2).

When femoral diaphysis fractures were classified according to their
fracture localizations, six (16.7%) were found to be in the proximal 1/3,
26 (72.3%) were found to be in the medial 1/3, and four (11%) were found
to be in the distal 1/3 (Table 3).

The average duration of plastering was 5.6 weeks.

The follow-up period of the patients ranged from 11 to 137 months with
a mean of 61.88+36.81 months.

Mean angulation on the coronal plane was found as 13.6+7.2 degrees
and mean angulation on the sagittal plane as 15.51+8.96 degrees in the
graphics taken at discharge of the patients. In the graphics taken at
the final follow-up, mean angulation on the coronal plane was found
as 7.08+5.35 degrees and mean angulation on the sagittal plane as
9.04+514 degrees (Table 4).

Table 1. Distribution by Age and Sex

Sex 0-2 years 2-5 years 26 years Total
Male 5 15 5 25
Female 1 6 4 n
Total 6 21 9 36

Table 2. Classification of femoral diaphysis fractures according to the fracture line

Fracture line Number of patients (percentage)

Transverse 9 (25%)
Oblique 9 (25%)
Spiral 14 (38.8%)
Comminuted, segmental 4 (1.2%)

Table 3. Classification of femoral diaphysis fractures according to fracture localization

Location of the fracture Number of patients (percentage)

Proximal 1/3 6 (16.6%)
Medial 1/3 26 (72.3%)
Distal 1/3 4 M%)

Table 4. Change of angulation from the end of treatment to final follow-up

At removal of plaster  Final follow-up
Angulation on the coronal plane (degrees) 13.6° (4-31) 708° (0-26)
Angulation on the Sagittal plane (degrees) 15.51° (5-44) 9.04° (0-19)
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The mean amount of shortness of the patients measured when the
plaster was removed was 1.61£0.84 cm and it was measured at a mean
of 0.8+0.74 cm at the final follow-up.

The change in the degrees of angulation on the coronal and sagittal
planes after treatment was found to be statistically significant (p<0.01)
(Table 5).

Femur shortness measurements after treatment varied and were
measured to be an average of 1.61£0.84 cm (r: -3.5-0), while they av-
eraged -0.08+0.74 cm (r: -15-2) in the final follow-up measurements.
The decrease in shortness is statistically significant (p<0.01) (Table 5).
The follow-up periods of the patients ranged from 11 to 137 months with
a mean of 61.88+36.81 months. 444% (n=16) were in group A and 55.6%

Table 5. Assessment of the amount of change in angulation on the coronal and sagittal
planes and shortness measurements

Min-Max  MeantSD  Median p
The amount of angulation on the coronal
plane after removal of the plaster 4-31 13.60+7.20 n
(degrees)
The amount qf angulation on the coronal 0-%6 70845.35 6.0 0.001
plane in the final follow-up (degrees)
The amount of improvement on coronal 220 6524435 50
plane (degrees)
The amount of angulation on the sagittal
plane after the removal of plaster 5-44 14.60+8.96 12.0
(degrees)
The amount qf angulation on the sagittal 0419 0045514 80 0.001
plane in the final follow-up (degrees)
The' amount of improvement on the 126 5 564641 40
sagittal plane (degrees)
Shortness after removal of plaster (cm) 35-0 -1.610.84 -15
Final follow-up Shortness (cm) 15-20  -0.08:0.74 0 0.001"
Difference in Shortness 0-45 153117 1.50
Wilcoxon Signed Rank test “p<0.01

Table 6. Comparisons of the amount of angulation improvement on the coronal plane,
amount of angulation improvement on the sagittal plane and amount of shortness
improvement between measurements after plaster removal and at final follow-up and
treatment period groups

Amount of
angulation
improvement
on the sagittal
plane (degrees)

Amount of
angulation
improvement
on the coronal
plane (degrees)

Amount of
shortness
improvement
(cm)

Treatment Period

Between 0-60

months (n=16) Average 4.82+316 4£6.07 139
>60 months (n=20) Average 786479 6.79+6.64 1.64

p 0.046" 0.671 0.573
Mann-Whitney U Test  *p<0.05

Table 7. Comparison of the average amount of angulation improvement on the coro-
nal plane, the average amount of angulation improvement on the sagittal plane, and
the average amount of shortness improvement from the end of treatment to the final
follow-up.

Improvement between end of
treatment and final follow-up

r p

Average amount of angulation improvement on the

0465 0.019"
coronal plane
Average amount of angulation improvement on the 025 0302
sagittal plane
Average amount of shortness improvement 0.093 0.659
Spearman’s correlation coefficient “p<0.05
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(n=20) were in group B.

The average amount of angulation improvement on the coronal plane
in group A was 4.82+316 degrees, while in group B it was an average of
786+4.79 degrees. The amount of angulation improvement on the cor-
onal plane in patients in group B was statistically significantly higher
compared to those in group A (p<0.05) (Table 6).

In group A, the amount of angulation improvement on the sagittal plane
was an average of 4+6.07 degrees, while in group B it was an average
of 6.79+6.64 degrees. There was no statistically significant difference
(p>0.05) between groups A and B when the amounts of angular im-
provement on the sagittal plane were compared (Table 6).

In group A, the average amount of shortness improvement was 1.39+1.28
cm, while in group B it was 1.64+112 cm. There was no statistically sig-
nificant difference between groups A and B in terms of the amount of
shortness improvement (p>0.05) (Table 6).

There is a statistically significant correlation between the amount of
angulation improvement on the coronal plane and the treatment peri-
od (p<0.05) (Table 7).

There is no statistically significant correlation between the amount of
angulation improvement on the sagittal plane and the treatment peri-
od (p>0.05) (Table 7).

There is no statistically significant correlation between the amount of
shortness improvement and treatment periods (p>0.05) (Table 7).

Discussion

Non-surgical methods should be preferred in the treatment of isolat-
ed femoral diaphysis fractures, which are common during preschool
childhood (0-6 years). Qualities such as the rapid recovery potential of
the pediatric bone structure, thick periosteum, and high remodeling
capacity of deformities such as angulation and shortness increase the
success of non-surgical treatment methods [2.3].

In childhood, the ability for remodeling depends on the fractured bone
itself, the bone age of the patient, the proximity of the deformity to the
joint, and the axis and orientation of the joint.

The upper extremities have more remodeling capacity than lower ex-
tremity bones. As the patient's bone age increases, the potential for
residual growth decreases and therefore the capacity for remodeling
decreases in direct proportion [7]. The distance of the deformity to the
physis and the width of the physis are important factors in terms of
remodeling. Closeness to the physis and a wide physis have a positive
effect on remodeling [8].

Differences in limb length and angulation, which are among the prob-
lems encountered after treatment of femoral diaphysis fractures, are
widely found in the literature. Poor angulation is more common, espe-
cially after proximal fractures. As the amount of angulation increases,
it results in more permanent deformities [5,9,10].

In long bones, remodeling of the angulation typically occurs from the
physis and diaphysis. 70-75% of the remodeling is from the proximal and
distal physis of the fractured bone. The physis tries to correct the an-
gulation by asymmetrically growing according to the loads on it [1112].
Pauwels has shown that depending on the pressure changes on it, the
physis can react by growing in different amounts in different parts
[13,14]. Remodeling in the diaphysis occurs according to Wolff's law. The
load increase on the concave side of the bone stimulates new bone
formation on this side. The increase in tension on the convex side re-
sults in bone reabsorption in this region. 20-25% of remodeling occurs
due to this new bone formation and reabsorption in the diaphysis [15].
Many studies have shown that deformities in the direction of move-
ment of the neighboring joint improve more and that sagittal plane
deformities in the femur and tibia improve more rapidly and leave less
permanent deformity compared to coronal plane deformities [14,16,17].
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In our study, we found that in patients whom we followed-up for more
than 60 months, coronal plane deformities continued to remodel at a
statistically significant rate, and that although sagittal plane deformi-
ties continued remodeling, this was not statistically significant. Thus,
counter to the literature, we found that coronal plane deformities con-
tinued to remodel after 5 years.

Overgrowth is thought to occur due to overstimulation of the growth
plates in the affected extremity as a result of hyperemia during the
remodeling process. Because the increase in blood flow takes place
throughout the extremity, the stimulation of growth in the tibia on the
same side in femur fractures is more common but growth of the femur
on the same side in tibia fractures is a rare occurrence [18].

While there are several opinions about how long the overgrowth lasts,
Shapiro, who has one of the most extensive studies on overgrowth, re-
ports that it peaks at the end of the 3rd month and generally ends at
the 18th month in femur fractures [19]. Vijanto showed that the period
of follow-up, rather than the age of the patient, is important in deter-
mining the overgrowth and that, in particular, overgrowth is statistically
more significant in cases of over 10 years of follow-up [20].

The amount and period of overgrowth is a matter of debate, and in the
group aged 2-10 years, shortness of up to 1.5-2 cm can be tolerated.
Anderson, Griffin, and Green have stated in their study that they prefer
the amount of overlay of broken fragments in patients aged 2-10 years
not to exceed 1.5 cm and that this amount of overlay can be tolerated in
this age group. However, they have reported that there was no similar
amount of increase in growth in those under 2 years and in adoles-
cents [2]. Malvaki reported that up to 15 mm of shortness improved
with growth in his patients aged 2-10 years treated conservatively [15].
Ege et al. stated that 2 cm of shortness in children up to 8 years old
and 1.5 cm shortness in children aged 8-12 years could improve with
overgrowth and reported that end-to-end reduction is not necessary
[21]. Lok et al. detected inequality in leg length measurements with
clinical examination and orthoroentgenography and reported that ini-
tially a shortness of 0 mm was acceptable but that the ideal shortness
is 10 mm [17]. In our study, the mean shortness, which was 1.61+0.84 cm
after removal of the plaster, was calculated as 0.08+0.74 cm at the final
follow-up, in accordance with the literature. The mean overgrowth of
1.53+117 cm between measurements was found to be statistically sig-
nificant. Accordingly, our clinical experience indicates that when treat-
ing femur fractures, it may be necessary to allow for a certain amount
of overlay, taking into account the patient's residual growth potential
because of the risk of overgrowth.

Studies in the literature on rotational deformity in patients have not
yielded meaningful results, so there is no consensus on the potential
for remodeling of rotational deformities. Hagglund et al. have reported
that no rotational deformities over 20 degrees were found in patients
treated with traction methods [10].

Davids has reported that in children with femoral diaphysis fracture,
rotation deformity did not improve. However, they found that the soft
tissues of the joint changed themselves so that the foot development
angles would be symmetrical (conformity of the ligaments and joint
capsules), that a wide hip range of mation (especially rotational move-
ments) helped with this conformity, and that rotational deformities of
up to 25° can be well tolerated, but that rotational deformities of more
than 25° can give clinical signs [22].

Keskin et al. have reported reaching the conclusion that problemat-
ic rotational deformities requiring treatment following conservative
treatment of childhood femoral diaphysis fractures were not a com-
mon complication [24].

No clinical complaints of rotational deformity were found in any of the
patients in our study.
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Conclusion

The dominant view in the literature is that, with sagittal plane deformi-
ties of the femur in the direction of joint movement improving faster,
the remodeling capacity of coronal plane deformities and shortness
improvement is 5 years. In contrast to the literature, we found in our
study that coronal plane deformities independent of the direction of
joint movement continue remodeling at a statistically significant rate
even after 5 years.
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